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m~dium (O.S% agar) SUPP!CIll!!l1tcd with 100 mgl-l myo~inosi toI , 
V,*, sut.:rosc, <l nd 2 mgl-l indole butyric acid (lBA) 10 sti mulate 
rooting. After R wt!t!ks, individual rooted piant ic is (Figu re 1 D) 
were separatL:u, planted out in trays of vermiculite and plact!u in 
a misthousc with overhead misting and bottom heat C~O°C). 
IIHJivitlual plantkts were pOlled in a mix ture of sand and suil 
(I: I) 4-6 weeks later. These were transferred to a greenhouse 
and watered twice weekly. This acc limation procedure gaw a 
?X'R> survival rate. 
Stcrih:: leaf material was rl!lained from the plant lets in culture 
and cut into sections 1.5 em in length. These wen.! placed on MS 
med ium (0.8% agar) supplemented with 100 mgl- l myo-inositol, 
3% sucrose, a hormone combination or 2 mgl- I BA and I mgl-I 
NAA, and allowl!d to initiate buds. Root initiat ion was then 
promoted using 2 mgl·· IBA (Figure I D). In this way a 
continuous culture system was estahlished, with 5-10 buds 
initiated per sterile explant, within 8-12 weeks. 
Veltheimia bracleaU/ produced more buds in culture (50% 
more) than did V. brlU:tea((l 'Lemon Flame'. In addi tion, the 
yellow-flowered cultivar was slower in initiating buds, requiring 
an additional 2-3 week period hefore subculturing was possible. 
This system provides a relatively rap id and pro li fic means of 
propagation for this species. with rooted plant lets avai lab le (Q 
plant out after 7- 8 months. This is particularly important fur the 
ran.!r ye llow-flowered varie ty, and has the potcmial for 
adaptation hoth for commerc ial and conservat ion ini ti atives. 
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Seven Chlorophyla, Iwo Phaeophyla and eleven Rhodophyta from 
the KwaZulu-Natal coast (Soulh Africa) were collected on th ree 
occasions during 1994 and screened for cytokinin-like activity. Eth-
anotic extracts were in itially purified by calion exchange and paper 
chromatography. Cytokinin-like activi ty was detected using Ihe 
soybean callus bioassay. All species yielded positive results indi-
cating that cytokinin-like activi ty is widespread in algae. The cyto-
kinin levels in most of the seaweeds were lower than in slems of 
herbaceous plants . Only two of the seaweeds, Valonia macro 
16 1 
physa KOtz. and Spyridia hypnoides (Bory) Papenf. , consislently 
yielded cytokinin levels similar 10 those in the dicotyledonous 
plants used for comparison. Fractionation and 
tentative identification by HPLC suggested that iso-penlenylad 
enine-like cytokinins are most abundant in seaweeds. Seawater 
also gave cytokinin-like activity. 
Abbreviations: ADE = adenine; DHZ = dihydrozt.!atin; HPLC = 
high performance liquid chromatography; iP = iso-pcnh:nylade-
ni ne; iPA = iso-pentenyladenosinc: Z = zeatin; ZG = zeatin glu-
coside; ZR = zeatin rihosidc 
Keywords: Cytokinin-like activity, seawater, seaweeds, soybean 
callus bioassay. 
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While cndogenous hormones have been extensively studied in 
terrestria l plan ts. rdative ly liu le research has bcen cond Ut.:tc..:.d 10 
establish the presence and identi ty of hormones in algae. There is 
evidence that suggests that higher plant hormones do or.:cur in 
algae (Mooney & van Sladen 19X6; Jameson 1(91) and cytoki-
nin-Iikl.! ar.:tivity has been reported in unice llular and mult ice llu-
lar algae. Both iSll-pcnteny ladcnine- and zeatin- like cytokinins 
have been detectctl, suggesting that marine algae contain similar 
types of cytokinins to those of higher plants. 
Seaweed products arc used extensivdy in agriculture and hor-
ticulture and arc claimed to have henelicial effects on plant 
growth. Plant hormones and cytokin ins in part icu lar, may be one 
of the ac tive ingredients in sCilweed extracts as mos t responses 
obtained wi th applicat ion of seaweed extrac t mimics those 
observed when exogenous r.:ytokin ins are app lied to plants 
(Crouch & van Staden 199~). Thc sl.!awecds used to make these 
comml.!rcial seaweed extracts afe main ly brown algae from the 
Laminariceae and Fucaceae famil ies and as a result , these species 
have been the most ex tensively studied wi th respect to thei r cyto-
kinin complement. 
The ai m of this study \Vas to screen a range of South Afril:an 
seaweeds from the three major algal divis ions for cytoki nin-like 
<ll:tivity. Algae were collected on three occasions in 1994 at the 
KwaZulu-N atal South coast. Colkt.:tiollS were made at two sites 
at Park Rynie (January and Apri l) ami Palm Beach (August). The 
material was transported to the laboratory in ice boxes. Visib le 
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Figure I Cytokini n-l ike act ivity detected in 10 g FW of Spyridia 
hyplloides (Rhodophyta) collected in January. The soybl.!an call us 
bioassay was used after the extract was separated by paper chroma-
tography. 
162 
epiphytes were removed and the fresh weight (FW) of the alga 
recorded. The samples were then rreeze~dri ed, ground into 
homogenous powders and stored at -20°C until needed. 
Depending on the amount of material available, between 10- 30 g 
FW was used for each extraction. Cytokinins were extracted fol-
lowing the method of Mooney & van Staden (1984) which 
involved cation exchange and paper chromatography. The 
extracts were separated using paper chromatography, dried, 
divided into 10 equal RJ zones and these assayed for cytoki-
nin-like activity using the soybean callus bioassay (Miller 1965). 
Although bioassays arc difficult to use for quantitative esti-
mates, cytokinin-like activity corresponding to zeatin-like deriv-
atives (RrO.2-0.8) and iso-pentenyladenine-like derivatives 
(Rt' 0.9-1.0) were determined for each species. This activity was 
correlated to the activity of the standards. The results were 
expressed as kinetin equivalent activity per gram fresh weight 
(KE g.1 FW). This was necessary to facilitate some form of com-
parison between all the species tested throughout the year. It is 
appreciated that cytokinin levels vary considerably in nature and 
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that it is very difficult to determine their levels using bioassays 
(Horgan 1987). However, bioassays are the only means available 
of detecting biological activity and thus are an intergral part in 
the assessment of cytokinins. The results presented in this paper 
are not absolute but highlight likely trends. 
Using the same method of cYlOkinin extraction, a comparative 
study was done using 30 g FW of stems of three higher plants -
Impatiens. Petunia and Oclolis. Cytokinin-like activity was also 
determined for seawater collected from the lower intertidal zone 
at Clanthal (August) and Park Rynie (October). Two litres of sea-
water were filtered through Whatman No.1 filter paper and a 
0.22 ).lm MilJipore filter, dried down in vacllo and resuspended in 
100% ethanol. The salt remained in suspension and was tiltered 
off. The remaining extract was dried down in vacuo and resus-
pended in 100 mI Socy(l ethanol and then puri tied using the 
method out lined above. Cytokinin-like activity was detected 
using the soybean callus bioassay. 
Where there was sufficient material available (30 g FW), 
extracts were fractionated by HPLC using a Varian 5000 instru-
Table 1 Cytokinin-like activity detected in seaweeds collected from the KwaZulu-Natal South 
Coast. Extracts were separated by paper chromatography and each RI assayed. Activity was 
expressed as kinetin equivalents for RI 0.2-0.8 (zeatin-like compounds) and RI 0.9-1.0 (iP-like 
compounds). nc = not collected 
Species KE g.l FW 
January Apri l August 
Z iP Z iP Z iP 
Chlorophyta 
Ulv(I sp . 0.4 0,1 0.4 
Cladophora coJ![exl(l Levring 2.9 0.4 0.5 0.2 
Codi!lIn capi/alum Silva 0.3 0.2 
C. extricatutn Silva nc nc 0.3 O.t 
Halimeda cuneala Hering in Krauss ne ne 0.2 0.2 
Caulerpa racemosa (Forsskal) J.Ag. ne nc (1.I 0.5 
Vall!lli(l ma(..'mphy.w Klitz. 0.5 0.3 3.t ne ne 
Phaeophyta 
DiclYo/(/ sp. ne ne 0.6 0.4 
SargasslIlIJ heterophylluJIl (Turn.) C.Ag. ne nr t.7 
Rhodophyta 
CaftJxauYa diesingiana Zanard. O.t 0.1 ne ne t.7 
Gelidium ammuii (Lamour.) Lamour. 0.2 0.1 0.1 
Amphiroa bowb(llikii Harv. ne nr 5.3 0.5 
A. ephedraea (Lamarck) Dcne 0.3 1.0 o.t 
Arlhrocardia sp. o.t 0.1 0.6 
Chei/'JSlulflon sagitta/urn CLamour.) Aresch. in J.Ag. 0.2 (1.I 0.3 
lOllia (..'ra.u(/ Lamour. ne ne 0.9 0.1 2.5 
P/o(..'(Imium coralforhiza (Turn.) ill Hook. et Harv. no ne 0.2 
H)ll1lea ro.~e(/ Papen r. ne ne 0.2 0.2 0.3 
H. Jpjc~rera (Suhr) Harv. in J .Ag. 3.0 tl.l 0.2 
Spyr idia hY[Jl1oides (Bory) Papenf. 1.6 t.2 1. 1 0.2 0.8 
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Figure 2 Cytoki nin-like activity detected in Codilllll c:apitallllll 
(Chlorophyrn) collected in January (A) and August (B). The soybean 
callus bioassay was used after the extracts wcrt! fract ionated by 
HPLC. 
mellt. Material was cXlrac[Cd and puri/ied by cation ex.change 
chromatography_ The ammonium fraction was then subjected to 
semi-preparative HPLC analys is (Hypersil 5 ODS, C18. 25 x 
10 mm). The same programme was used as desc ribed by Mooney 
& van Sladen ( 1984). Fractions were collected every minute and 
each was assayed for cytokinin-l ike acti vity using the soybean 
callus hioassay_ 
Cytoki nin- li ke act ivity apppears to be common in algae with 
activity being detected in all the alga l species collected in Janu-
ary. Many of the species had two peaks of activi ty as rt.:presemed 
in Figure 1. There was a decrease in the number of peaks for 
most spt;cies collec tt!d in Apri l and August. Gelidium amansi; 
and PlocallliulIl comllorhiza showed no activity in Apri l and 
Codilllll capitatltln, Sargasswn heterophylllllll and Arthrocardia 
Table 2 Cytokinin-like activity detected in the stems 0 
higher plants. Extracts were separated by paper chroma 
tography and each R, assayed. Activi ty was expressed a 
kinetin equivalents for R, 0.2-0.8 (zeatin-l ike compounds 
and Rf 0. 9- 1.0 (iP-like compounds) . 
Species KE g- I FW 
Z iP 
Illll'aticfIJ 1.7 0.8 
P(' fWlla 1.4 
Octo/i.{ 1.7 5.2 
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sp., showed no detectable act ivi ty in August (Table I). Almost all 
the algae tes ted h'ld peaks of activity between RJ 0.6-0. 8. This 
peak co-eluted with zeatin and zeatin riboside. For some species. 
activi ty was also detected at R, 0.9- 1.0, corresponding with the 
R/s of iso- pcnteny ladenine and iso-pentcnyladcnosine 
(Table I) . 
Most of the seaweeds yielded cytokin in-li kt! activity less than 
1 KE g-I FW with only 11 out of the 49 samples tested having 
acti vi ty higher than I KE g~ l FW (Table I). The chlorophyte 
Valonia macrophysa and the rhodophyte Spyridia hyplloides con-
sistently yielded high levels of activity_ Cytokinin-like at.:tivity in 
the three higher plants tested was genl!ra lly higher than that 
detec ted in seaweeds (Table 2). However, low levels of activi ty 
do not necessarily indicate the lack of a compound but cou ld pos-
sibly indicate that the compound is being rap idly used. 
Most soybean callus growth was consistently found in frac-
tions t!luting at 78- 83 minutes when separated by HPLC (Figures 
2-4). As iso-pt!ntenyladeninc and its dcrivativt!s have similar 
retention times, tentative identification sugges ts that iso-penteny-
ladenine and its deriva tives are the most common cytokinins 
present in marine algae. Detectable levels of activity also 
occurred in HPLC frac tions 35- 40 (Figures 2-4), suggesting that 
zeatin, dihydrozeatin and their derivatives cou ld possibly be 
present. Two species co llected in Apri I, Amphiroa ephedraea and 
Spyridia hyplloides, showed an additional peak of activity in 
frac tions collected between 15-20 minutes. Adenine and adenos-
ine co-chromatograph with these fractions. However, nei ther 
were active in the soybean call us bioassay. 
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Figure 3 Cytokinin-like activity detected in Amphiroa ephedraea 
(Rhodophyla) coJlcClt!d in J:.muary (A) and Apri l (B). The soubcan 
callus bioassay was ust;d after the extracts wt!re fractioned by H PLC. 
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lives appear to hI.! the principal free cytokinin produced (Mooney 
& van Staden J9R6). Thi s also appears to be the case in the a lgae 
screened using HPLC in this study. However, the high levels of 
iso-pcnlcnyladcninc-like activity detected using the HPLC tech-
nique afe inconsistant with the results obtained when using paper 
chromatography where zeatin-like derivatives appear to be more 
common. This suggests that there are inhibitors masking the iso-
pentenyladenine-likc activity in the paper chromatography sys-
tem. There may also be inhibitors masking glucoside activity in 
the paper chromatography system. 
Pedersen (1973) identit1cd 6-(3-methyl-3-buteny lamino )purine 
in seawater collected from the FllClts-Ascophyllllm zone. Kentzer 
ef ai. (19HO) were able to detect cytokinin-like activity in seawa-
ter using the Amamllllllls bioassay. Cytokinin- like activity in sea-
water was also detected in this study (Figure 5). The source of 
this cytokinin is unknown, either being rdeased from seaweeds 
or frolll bacteria present in the water. Thus, the source of the 
cytokinins detected in the seaweed samples is uncertain as there 
is the possibility that there may have been exogenous cytokinin 
uptake by the seaweeds without the seaweeds necessarily manu-
bcturing their own cytokinins. It still needs to -be established 
whether marine algae synthesize cytokinins. 
Cytokinin-like activity appears to be widespread in algae 
although occurring in lower concentrations than found in higher 
plants. The source of these cytokinins needs to be established as 
cytokinin-like activity was also detected in seawater. Tentative 
identification by HPLC seems to indicate that iso-pentenylade-
nine and its derivatives are the most common cytokinins present 
in seaweeds. 
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Figure 4 Cytokinin-like activity detected in Spyridia hYl'fWides 
(Rhodophyta) collected in January (A) and April (B). The soybean 
callus hioass:lY was used after the extracts were fractionated by 
HPLC. 
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Figure 5 Cytokinin-like activ ity detected in 2 L seawater col-
lected in Clanthal and Park Rynie. The soybean callus bioassay was 
used after the extracts were separated by paper chromatography. 
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